Objective The etiology of embryonic demise is multifactorial, with chromosomal abnormalities being the most common (40%). The purpose of the present study is to evaluate the correlation between a serum biomarker, progesterone, and an ultrasonographic parameter, the distance between yolk sac and embryo (DYSE) in assessing the prognosis of pregnancy outcome in the 1 st trimester.
Introduction
One in four pregnant women will miscarry at some time during her reproductive lifetime. The incidence of early embryonic demise is higher compared with other early pregnancy complications. 1 In > 40% of the cases, the etiology of embryonic demise are chromosomal abnormalities. 2 Successful blastocyst implantation requires precise synchronization between the embryo, the uterine, and the hormonal environment. 3 Ultrasonographic examination is the method of choice in the diagnosis of embryonic demise. 4 In addition to this technique, another sensitive and specific biomarker is required to determine the viability of the early pregnancy.
5
This pathology determines a standardized management that is associated with an increased emotional impact.
6
Progesterone is a 21-carbon steroid hormone secreted by the corpus luteum of the ovary. This hormone is an important promoting factor for endometrial decidualization, preparing the uterus for implantation of the blastocyst, and for maintaining the pregnancy. The physiological functions of progesterone include inhibition of smooth muscle contractility and inhibition of immune responses like those involved in graft rejection. 7 Obviously, it is essential to study women after natural conceptions without exogenous progesterone support, while evaluating the relation between serum progesterone and viability of the first-trimester pregnancy.
8,9
There are studies that suggest that serum progesterone measured in early pregnancy is the most powerful single predictor of pregnancy outcome in natural conceptions.
10
Ultrasound evaluation is the method of choice for assessing outcome prognosis of the early pregnancy. One in four women at some point in her reproductive lifetime suffers an abortion.
11 There are no prospective data to outline the guidelines for ultrasound diagnosis as accurately as possible for embryonic demise. The results are limited by the small number of studies and patients, by studies conducted long ago, and by the variable reference standards for the diagnosis of early embryonic death. However, the endovaginal ultrasonography technique has become a valuable tool in the solid assessment of pregnancy and has helped to establish new elements about its evolution. The ultrasonography diagnosis of the first-trimester pregnancy with an unfavorable outcome was based on a variety of elements, represented by absence of the yolk sac (YS), lack of identification of the embryo or of its cardiac activity, and abnormalities of the gestational sac (GS).
12
The identification of other prognosis ultrasonographic elements has also been required. In the early embryonic development, the embryo is immediately revealed adjacent to the YS, and the embryonic structure called yolk stalk has not developed yet. The separation of the embryo from the YS is due to the development both of this structure and of the embryo. Thus, the distance between the embryo and the YS is increased due to the growth of the yolk stalk. For embryos with crown-rump length (CRL) 5 mm, there must be no separation of the YS. 13 When the embryo reaches 5 mm, there is a physiological separation between the embryo and the YS due to the development of this structure. The absence of separation of the embryo from the YS, when the CRL exceeds 5 mm and the embryo is with cardiac activity, is considered an unfavorable prognosis factor. 14 
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12
argue that this ultrasonographic parameter is valuable in anticipating an unfavorable outcome of the pregnancy, wether used alone or in combination with another prognostic ultrasonographic parameter.
15
The aim of the present study is to evaluate the correlation between a serum biomarker (progesterone) and an ultrasonographic parameter, the distance between yolk sac and embryo (DYSE), in assessing the prognosis of pregnancy outcome in the 1 st trimester.
Methods
The present study is a case-control prospective analysis that includes 170 patients in the 1 st trimester of pregnancy without associated pathology. The patients were followedup for a period of 2 years, between 2016 and 2017. The patients were divided into 2 groups: the control group of 81 first-trimester pregnancy patients, and the case group of 95 pregnant patients with a potentially reserved outcome pregnancy with between 6 and 11 weeks of amenorrhea. All of the 95 patients showed unfavorable prognosis ultrasonographic signs, that is, a DYSE < 3 mm at a gestational age in which the separation would have already occurred; however for 6 of these patients, the prediction of the ultrasonographic parameters studied of an unfavorable evolution was not confirmed by repeated examinations. Thus, the case group included 89 patients with embryonic demise.
Endovaginal ultrasound with a 6.5 MHz nominal frequency Toshiba Aplio 300 probe (Toshiba, Tokyo, Japan) was performed in dorsal decubitus with bent knees in order to identify the predicted outcome prognosis factors: CRL, GS size, appearance and size of the YS and the distance between the lower embryo pole and the DYSE. There were on average between 2 and 3 serial examinations, performed at regular intervals of between 3 and 5 days, also by the same examiner, until the final diagnosis of embryonic demise. The measurements of DYSE were performed using the sagittal section and evaluating three different distances from the inferior pole of the embryo to the YS, the smallest from those 3 distances being taken into account (►Figs. 1 and 2).
From each subject enrolled in the present study, 20 ml of blood was collected by venipuncture into anticoagulant-free tubes for progesterone serum level measurements. The centrifuge serum was divided and stored in 600 μl freezing tubes at -60°C until the specimens were processed to avoid repeated freeze-thaw cycles.
The privacy and dignity of the participants have been respected. In this respect, the participation of the patients in the research activities was made only after obtaining their informed consent. Also, the working methodology has been obtained by the Ethics Commission of the University of Medicine and Pharmacy "Iuliu Hatieganu", Cluj-Napoca, Romania.
Statistical Analysis
The descriptive statistics elements were calculated, and the data was presented using centrality, location and distribution indicators. The Shapiro-Wilk test was used to test normal distribution. The variance was tested with the F test. In the case of normal distribution of data, the Student ttest was used, and in the case of nonuniform distribution values or ranks, the nonparametric Mann-Whitney U test was used for two nonpaired samples. For the analysis of three or more samples, the analysis of variance (ANOVA) test was used for normal distribution data, or the Kruskal-Wallis nonparametric test for nonuniform values or ranges. The significance threshold for the tests used was α ¼ 0.05 (5%), 0.01 (1%) or 0.001. The Pearson correlation coefficient (r) was used to detect the correlation between two continuous quantitative variables with normal (uniform) distribution. In the case of nonuniform variables, the Spearman correlation coefficient (ρ) was used. The analysis of correlation coefficients was performed using the Colton rule. Polynomial regression was used to obtain the mathematical equation of the dependence of a variable on another variable.
Results
No statistically significant difference between the 2 groups (p > 0.05) was observed in the statistical analysis of the gestational age (GA) (►Table 1).
No statistically significant difference between the two groups (p > 0.05) was observed in the statistical analysis of the CRL values. Of the 170 patients, 81 patients (47.65%) presented embryos with cardiac activity and with the CRL ranging between 6.7 mm and 44.1 mm, and 89 patients (52.35%) presented embryos with no cardiac activity with the CRL ranging between 6.6 mm and 33.4 mm (►Table 2).
In the statistical analysis of DYSE values, statistically significant differences were observed between the 2 groups (p < 0.001) in all of the weeks of amenorrhea studied (►Figs 3 and 4). Thus, it was shown that a DYSE of < 3 mm correlated with an unfavorable prognosis of pregnancy evolution (►Tables 3 and 4).
Discussion
Recent studies suggest that serum progesterone measured in early pregnancy is the most powerful single predictor of pregnancy outcome in natural conceptions.
1 Progesterone, regarded as the pregnancy hormone, coordinates a series of complex events that ultimately lead to the synchronized Fig. 1 The distance between yolk sac and embryo in a physiological first-trimester pregnancy. Fig. 2 The distance between yolk sac and embryo in a pregnancy with an embryonic demise. development of the embryo and the differentiation of uterine cells for implantation. Decreased progesterone levels lead to abortion. 16 Therefore, the present prospective study was designed to detect the relation between serum progesterone and the viability of the pregnancy during the 1 st trimester.
Our data suggest the possibility that the early stages of pregnancy may be particularly sensitive to progesterone deficiency. If the decrease of systemic progesterone is one Fig. 3 The distance between yolk sac and embryo in the studied groups and subgroups. of the main mechanisms by which inflammation induces pregnancy loss, our results reinforce the benefit of using progesterone to reduce the risk of miscarriage. Based on these findings, we suggest that the functional network between hormones, cytokines and hormonal mediators at the fetomaternal interface has a fundamental role in the development of a successful pregnancy. A defect in the integrity of this network probably leads to pregnancy loss. Daily et al 17 found that the mean serum progesterone was significantly higher for viable pregnancies (22.1 ng/mL) compared with nonviable pregnancies (10.1 ng/ mL), and they concluded that a serum progesterone assay alone is predictive of pregnancy outcome, especially during the first 8 weeks of gestation. Taghavi 18 found that the serum progesterone levels were significantly higher in patients with viable pregnancies (20.48 AE 6.066 ng/mL) compared with patients with nonviable pregnancies ended by spontaneous abortion (7.78 AE 2.06 ng/mL); this author concluded that serum progesterone alone is a reliable marker for the prediction of early pregnancy failure.
18
In our study, 6.7% of the viable pregnancies had serum progesterone levels < 10 ng/mL, while 20.7% of the nonviable pregnancies had serum progesterone levels > 10 ng/mL; the serum progesterone at a cutoff level of 10 ng/mL was 79.3% sensitive for the diagnosis of nonviable pregnancy, and was 93.3% specific for diagnosing viable pregnancies. Also in the present study, 1.1% of the viable pregnancies had a serum progesterone level < 20 ng/mL, while 4.8% of the nonviable pregnancies had a serum progesterone level > 20 ng/mL; serum progesterone at a cutoff level of 20 ng/mL was 95.1% sensitive for diagnosing nonviable pregnancies, and was 98.9% specific for the diagnosis of viable pregnancies.
Al-Sebai et al 19 concluded that a single serum progesterone measurement taken in early pregnancy is valuable in the immediate diagnosis of early pregnancy failure and in the long-term prognosis of viability. Also, the result of the present study suggests that serum progesterone is a reliable marker for early pregnancy failure, and that a single assay of its serum level can differentiate between viable and nonviable pregnancies. Future trials and large population studies are needed to support our findings and to establish the cutoff values of serum progesterone to differentiate between viable and nonviable pregnancies. The markers that emerged from the present study as predictors of viability have known and established roles in the assessment of healthy pregnancies. As a product of the corpus luteum in early pregnancy, and later the placenta, progesterone has been extensively evaluated as a predictor of early pregnancy failure. A meta-analysis of 26 studies suggested that serum progesterone < 5 ng/mL had good prediction for nonviable pregnancies. 20 Laing et al 15 consider that identifying a DYSE of < 3 mm in size, evidenced in pregnancies with CRL > 5 mm and an embryo without cardiac activity, is defining for the diagnosis of embryonic demise. 15, 21 In the absence of the specific ultrasonographic signs of an unfavorable prognosis of the outcome of first-trimester pregnancies, such as hypotonic GS, YS of increased size, embryonic bradycardia, identifying a DYSE < 3 mm at an early stage of pregnancy, could increase the accuracy of the diagnosis.
12
Prospective data on which precise prognosis factors can be established to determine a series of decisive predictive factors in the ultrasonographic diagnosis of first-trimester pregnancies with a potentially reserved outcome are insufficient. Transvaginal ultrasound has become an important tool for assessing first-trimester pregnancies and has helped to identify new parameters of pregnancy outcome.
The data from the present study shows that the DYSE is an ultrasonographic feature that indicates earlier embryonic demise compared with specific ultrasonographic parameters, which certainly confirms the absence of pregnancy evolution at a more advanced GA. For higher diagnostic accuracy, it is important to correlate this parameter with a serum marker. The clinical value of the results of the present study consists in the possibility of using these markers in establishing a management since the early stages of pregnancy, in the case of patients who have ultrasonographic parameters considered to have an unfavorable prognosis. Most previous studies that have shown the ability of serum biomarkers to anticipate embryonic demise have been performed on cohorts of patients already experiencing symptoms of spontaneous abortion (bleeding and abdominal pain).
22 By this association, the originality of the present study is outlined: the correlation of this ultrasound parameter with an important hormone, which is highly used in the literature in the prediction of some pathological entities that appear late in pregnancy, but which is known to have an important role in the 1st trimester of pregancy.
Conclusion
The DYSE has a high positive predictive value in identifying potentially reserved outcome of pregnancies, demonstrating in the present study that a DYSE < 3 mm leads to an unfavorable evolution of the pregnancy. Also, correlating this ultrasound parameter with a serologic one, that is, with the progesterone serum level, brings valuable information about the viability of the pregnancy in the 1 st trimester. Low progesterone serum levels of are associated with an increased rate of nonviable embryos.
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